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(54) Organic electroluminescent device having stacked electroluminescent units 



(57) A stacked organic electroluminescent device 
and a method of making such device is disclosed. The 
device comprises an anode, a cathode, at least two or- 
ganic electroluminescent units disposed between the 
anode and the cathode, and a doped organic connector 
disposed between each adjacent organic electrolumi- 



nescent unit whareln the organic electroluminescent 
unit comprises st least one organic hole-transporting 
layer and one organic electron- transporting layer. The 
doped organic cc nnector comprises at least one n-type 
doped organic la/er or one p-type doped organic layer, 
or combinations if layers thereof. 
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Description 

[0001] The present invention relates to providing stacked organic electro.umli .ascent units to form an organic elec- 
wTov^^^mtU devices or organ* light-emitting died* a (OLEDa, arc , e.ecjonlc ^evjces tnat 
emit lioht in response to an applied potantial. The structure of an OLED includes, in sequence, an anode, an EL medium. 

Z I rl hode The EL medium deposed between the anode and the cathodt commonly Includes an organic : hote- 
fraisporf^glayJr ^TL)Tnd an organic electron-transporting .aye, ((^ Hoi* ^TiT^JS^ 
light In the ETL near the interface at the HTL. Tang and others (Applied Phys,*» Letters. 91. 813 <1987> 
Aool ied Phvs cs 65 3610 (1889). and commonly assigned US-A-4.768.292) demonstrated highly efficient OLEDs 
S£u7X«*^*- S'nce then, numerous OLEDs with alternate layer structures. Including polymeric ma- 
terials have been disclosed and device performance has been improved. 

oooaj TheTuminance output and the operational lifetime of OLEDs a '^ rt * n < ^^^^ 
controlled bv many factors. One of the factors is the driving current. Van Slyko and others (Applied PhyslcsLetters. 
To 25f hLeXlcated that the luminance generally measured in units of candela per square meter (cd/m*) ,s 
^ffiSSX^ through the device, and the lifetime of the dev,ce b inversely proporbone, 

JoO^rThu^Sis unavoidable tradeoff between luminance and operative, lifetime. Accomplishing both high 
ELl and tong oper'ona, lifetime is therefore very advantageous and would enab.e a much wider range of 

[0005] * l ° lm P 70 _ 436 , ,_ e method of Forrast , an OLED dovice is fabncated by vertically stacking 

I^tdivlduany^ 

SlED unS Xra-etectrodes) as a means of independently controlling each individual OLED unit. Specrf'cally he 
Z*cl JolED mouses substantially transparent Imra-electrode layers made ol metallic or Inorganic matena s for elec 

E ak^by sTde «5£cdon of conventional RGB sub-pixels In an OLED display. Forrest and 0^MMM«« 
stacked ^rienta^n in this Invention allows each color sub-pixel to be spread o /er a greaterarea and thus operate a 
a t w e7curren7dens.«y. However, the tota. current requirements for the devi. * « ^J^^iJSS 
efficiency In terms of candela per ampere (cd/A) is actually not improved, ir US-A-6,2^4,980, Burrawsand 
TrZZ* a rhar one can use the methdd of Forrest and Others to Increase the li mlnance capability Of an OLED devlco 
multiple OLED unrall of whtah emit the same color. While this enables higher luminance, the overai, 
E! O^ED device ,s complex, requiring transparent electrode, as we., as separate power source for 

Sm ^fufe* meSicoHnorgamc intra-electrodes in the stacked OLEO of Forrest anc rj Jars or Burrows and 
*hera ooses several problems First, it requires complex wiring In order to address each OLED unit .n the stack, 
slcon Tthl ^^efectmdeTyers between the OLED units in the stack absorb light, and if made too thick create ophcal 
foSs that decrease overall light output efficiency. Soiled transparent electrodes are known but at.ll 
crnneveTs of . gh. and are d.fficult to fabricate over organic structures, in fa,t. Burrows and others •hw b^ 
m a!cS modeling the serious decrease in luminance efficiency caused by the 5 xpectec optical » e 
e^eSteyer? Third if the electrode is made too thin to Improve optical prcpertles. the sheet resistance te too high 

t^Z^^^^StS^^ to the Intra-electrode layer of Forrost and others, f™**^*™"? 
™nnac«dtn wwer Supply While this alleviates the complex wiring ptoblems of US.A-5.703.436 and US-A- 
^274980 heqaTeS 

Lei are prefab 0 1 to 15 nm thick, and include allegedly transparent rretal alloys, meta. ox,des and other woj 
ZZZ^ce^e materials commohly used In OLED devices, all ..! which nave unwan^ ^sorpjon a d 
ItahScattehng effects. Jones and others proposes that the device structure «n be used to ™J» ^J^S a 2 
higher luminance efficiency and higher operational stability, but offers no wo.klng examples. Neither does Jones and 
others suggest how to make a useful device without a conductor layer. 
[0008] It Is an object of the present invention to provide an OLED with high bngh ness. 

0009 U la another object of the present Invention to provide an OLE0 w n h,gh lum '™"~ f 

0010 It is another object of the present invention to provide an OLED wrt i an ^*^* W « ™. 
rooii It Is another ob ect of the present Invention to provide an OLEOwln an easy color adjustment 
Z 2 is S obja of he present Invention to prov.de a sucked Ol ED with decreased dnv,ng voltage 
00 3 is another ob ect of the present invention to provide a stacked Ol.ED with decreased opncal absorpt.cn 
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[0014] It is another object of the present invention to provide a stacked OLE!) with a simplified fabrication process. 

[0015] It Is another object of the invention is to facilitate the use of a stacked OLEO device as a lamp. 

[001 6] IT is another object of this Invention to provide a full color OLEO display device with high luminance efficiency 

s [00171* * has been determined, quite unexpectedly, that by doping an organic r laterlal to alter Its electrical properties 
stacked organic electroluminescent unite can be effectively connected to provide a highly improved electroluminescent 
device. 

[001 8] These objects are achieved in a stacked organic electroluminescent device comprising: 
w (a) an anode; 

(c) a plurality 'of organic electroluminescent units disposed between the erode and the cathode; and 

(d) a doped organic connector disposed between each adjacent organic e ectroluminescent unit 

is [001 91 In another aspect, the present Invention the objects are achieved by a method of making a stacked organic 
electroluminescent device having at least two organic electroluminescent untti , comprising the steps of: 

(a) providing a first organic electroluminescent unit connected to an anode and a second organic electrolumines- 
. cent unit connected to a cathode: and . mlf e 

20 (b) providing a doped organic connector to connect at least the first and second organic electroluminescent un te . 

such doped organic connector disposed between each adjacent organic electroluminescent unit, whereby the 
stacked organic electroluminescent device includes only a single anode aid cathode. 

[0020] An advantage of the present Invention Is that it enables a stacked O -ED to function without requiring Intra- 
2$ electrodes, thereby lowering optical losses, 

[0021] Another advantage of the present Invention Is that the stacked OLEO device provides significantly Improver. 

luminance efficiency measured in cd/A compared to the conventional non-stacked OLED device. 

[0022] Another advantage of the present Invention is that the stacked OLED has an increased brightness if operated 

under the same current as that of the conventional OLED. 
30 [0020] Another advantage Is that the stacked OLED has an increased tffetimn If operated under the same brightness 

as that of the conventional OLED. 

[0024] Another advantage of the present invention Is that the stacked OLE ) has a decreased dnving voltage and 
an Increased optical output compared to the prior arts of stacked OLEDs. 

[0025] Another advantage of the present invention Is that the stacked OLED can be operated with a single voltage 
35 source with only two electrical bus conductors connecting the device to an ext€ rnal clrculL Thus Its device architecture 

Is significantly less complex than those reported in the prior art and Is therefore nuch easier and less costly to fabncate. 

[0026] Another advantage of the present invention is that the stacked OL£D can have a new way to adjust the 

emission color of the device by mixing appropriate organic electrolumlnescen: units with different color emissions. 

[0027] Another advantage of the present Invention is that high efficiency white- electroluminescence can be produced. 
40 [0028] Another advantage of the present invention Is that the stacked OLED device can be effectively used tn a lamp. 

FIG 1 depicts a schematic cross sectional view of a prior art stacked OL'SD; 

FIG. 2 depicts a schematic cross sectional view of a stacked OLED In accordance with the present invention, 
having stacked organic EL units and having a doped organic connector in between each of the organic EL unit*; 
45 FIG. 3 depicts a schematic cross sectional view of another stacked OLED in accordance with the present invention 

Illustrating some layer structures in the organic EL unit; 

FIG. 4 depicts a schematic cross sectional view of yet another stacked OLED In accordance with the presert 
invention Illustrating some other layer structures in the organic EL unit; 

FIG. 5 depicts a schematic cross sectional view of a stacked OLED In accordance with the present Invention 
so illustrating a doped organic connector that includes an n-type doped organi - layer and a p-type doped organic layer; 

FIG & is a graph of luminance yield vs. current density, which shows the organic EL characteristics of the devices 
• in accordance with the present invention as well as of the reference devices fabricated according to the pnor art; 

FIG 7 depicts a schematic cross sectional view of an area lighting lamp in accordance with the present invention; 

FIG. 8 depicts a cutaway view of a circuit diagram that can be used foi driving an active matrix display of ttvs 
55 invention; 

FIG. 9 depicts a schematic cross sectional view of a full color display of I his Invention; 

FIG. 10 depicts a schematic cross sectional view of another full color display of this Invention; and 

FIG. 11 depicts a schematic cross sectional view of another full color dis >lay of this invention. 
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< ^ ,h* «=.GS 1 - 5 and FIGS. 7- 11 are not to scale since the Individual layers are too 
ffendSr^ 

t0 FIQ - 1 • , ^ rtl cn mo has several OLED units. In oreer to simplify the explanation, we give • 

[0031] in FIG. 1 . a prior art stacked OLED 100 has seve al oi.su >u 23 ^ M) and 

Shree Lacks as example. OLEC .units t£ 3 ^J^^^lVilS^ 1 00 is preferably transparent 
organic EL medium (1 2. 22. and 32). The anod* .of each ™ , m :!tacked OLEO , 00 is preferably trans- 

and formed from Indium tin oxide (ITO). ^ C^ode of^ ^^a^EL med urn of each OLED unit in the Stacked 
parent and formed from a metal or diamond .ke ^ t n p ™*°'*™ f LEL) ano an eT l_ As mentioned before, since 
OLED 100 preferably includes a HTL. at ' eas one ^ 

eachOLEDunitin thestackedOLEDIO^ ^ ^ 3M ou£D h an 

[00321 FIG. 2 shows a stacked OLED 200 * ^EEwt' o' s ^ s<s<J between the anode and the cathode are 
anode 210 and a cathode 240, at ^astone Of wh te h ^ ^nsparent. D*P ^ ^ ^ ^ ^ ^ 

N organic EL units 220. where ^^^^TJSSSS is the firs. EL unit (adjacent to the anode) and 
anode and the cathode, are designated 22ai ^ afe anic Et units not adjacent to 

220.N is the N» unit (adjacent to the cathode). When N «r JJJJ^o rganic EL units. Disposed between any two 
the anode or cathode, and these can be referred ^ LlJXre^Te a toTal if N-1 doped organic connectors asso- 
adjacent organic EL units is a doped orgamc ^«*"f* ™ere 1) Organic connector 230.1 Is the doped 

elated with N organic EL units and *ey are desg /S^ped organic connector d.spose.1 

S:n~;^ 

[r^tSoLE^i^ 

between a pair of contact e.ectrodes. ^^^^J^SSSS^SSSS cisttbuted among the N organic EL units 
with respect to the cathode 240. This ^naliy applied I el«ar. «'^ tB ™ the s , acke<j OLED causes 

in proportion to the electrical resistance of each of the* e un ^JJ; e e e f ^ „ organic EL unit 22 o.i, and electrons 
holes (positively charged carriers) to be mjected from anode 2 ° * e 0 * ^ 220.N. Simultaneously, 
(negatived charged carriers) ^^JSLSSl each oUhe%^ organic connectors (230.1 - 230.(M- 
etectrons and holes are generated In, and s eP^«l from. 0 ^ " N) are lnJecteg towards the 
„,. Electrons thus generate Jin for exanj * f^^^^^J^ «ne doped organic connector 230 
anode and into the adjacent organic EL un. eifunit 220.x. Subsequently, these electrons and 

or electrodes of the OLED. etaf **d cm ED is in principle equal to or more than 2. Preferably, 

or maximized. 
do Device Architecture 

Organic electroluminesce nt (EL) units 
[003 5] -chorgan-cELun^ 

etectron-hole recombinat.cn 0 P ro J*^«B^. a ^^^EO ****** « polymeric LED materials, both kriown in 
Organic EL unit 220 can be formed from small. mcriteeuta OLED mat Known In the art that 

the art. or combinations thereof. There are many ^^^^ b E ^"L™SdS OLED device can be the same 

facturability, device stability, and so forth. of invemic n as stacked OLED 300. in FIG. 3, there 

are N organic EL units 320, each comprising HTL 323 and fe il jz / . i y £L , and ^ctiot* as 

denoted as HTUETL. The doped organic connectors 230 are a so PJ^JJ^ S the HTL of one organic EL 
described above. In device 300 the doped organic connectors ,a ^^ the transport of the 

unit and e.ectron injection Into ETL of the jJJJ* m ££SX£ 3 me ho.e and electron 

hole and electron carriers is supported by the HTL and ETL, respectively. «eco 
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• eh , Mt rAuses Itoht to be produced (slec- 

facturability. device stab Ity arw i so ' ™" anode 21 o and the first t- TL. 323.N. n »» h (( 

hole-Injecting layer (HIL) 321 .1 be FMoMaD« ^ and the la-t 6TL 

^^SC^SSS „ _ sta * edO LED400.where.ntheo f gani, 

between an ETL and a dopeo org embe djment the present Invention tacKec i uub sttxlchJ re Is con- 

tSfin order to minimize driving voltage for the stacked OLED. in » , hat each oigan ic EL unit Is > 

Koisible without compromising , the, electro It IsMso preferable that each layer wlth.n the 
than 500 nm thick, and more preferable that 
organic EL unit be 200 nm thick or less. 

P-^^mn Connectors ^ are cnjcial as mis connection Is 

^arie EL units 320.1 and 320.2. Definitions tor ETL. HTL. I HIL. ano fc 233 The 

500 doped organ* layer 237 is provided between ETL 327 1 and ^ type P ^ Qf ^ ig 

SS5Sl3?S" ls pr0vided b€tWee " n " tyP ? a vtr orS>tMmi Si j-Ln) Is In part dependent on the organs 
dooed organic layer, or a p-type doped organic layer, or both (We £™ ^ the begt performance with a 
^S ma™de the organic EL units. Each connector car ib ^^^^ofd-f^n.^* forth 
IrSS S of organic EL units. This includes cho.ce ot maten ate I aye^t d properties after doping . and 

— - — — - • 7; 

fava and an n-type layer contact each other. das a host orga nio material and a. least 

00411 The n-Jpo doped organic layer in each ***22"£2^ oan include a small molecule material or a 
one n type dopant The host material In the n-typed dope d organic » transport The p-type < loped 

pofynS Material, or combinations thereof, and R to pratorod *£££S!%^ «nd at least one p-type dopant 
oS layer in each of thedc^ed organic «nn^ 

The host material can include a small molecule ^i^^lj^ h03 , matenal oan be uaed for both n-typed 

lis-?*-. — — — — ■ — - -- 
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hos,mater.a.sfor«hen-type^^^^ 

chelates of oxine Itself (also commonly referred to as 8-qu.nol ino or ■^^25SmW9^4.3^.««>. various 
o.«n%) a.uminum. omer material include various ^ 

heterocyclic optical brlghteners as disclosed by S*ta and Tang anoot \ _ , pridln .6. y i)-1.1 -dimethyl- 

Include metals or metal compounds having lass than ^° °* ™cu^ >K impounds" 

meta«s, altell metal compounds, alKaline earth '^^S^S^cM^ helloes. Among the Cass o. 
includes organometaHto complexes, ^l-arganlc salte. and D y. or Yb. and their compounds, 

metal^ntain^n-typedopants.^ 

are particularly useful. The materials used as the dopants rr ^ ^* B .. s y , rong a ,ectron-donatlng 

connectors also include organic »^8«^*£W « oonS at least Sme electronic charge to the host to 
properties" we mean that the 0W«to*gM mo.ecu.es InCude bis(othy.ened.th.o) - 

form a charge-transfer complex with the host Non-hwlng example or og . vmerten0S ts. the dopant 

«etrathiafuh,a.ene(BEDT-TTF)^^^^^ 

can be any of the above or also a material molecularly ^pe^a or ~P°^ n)oresent a use(u , c i ass of host material 
[0044] Thahole-transportingmatert^ 
w for the p-type doped organic layer. p <*™™ ™™ n **™~* " ° wh|ch ._ a r ,ember of an aromatic ring. In one torn 
nitrogen atom that is bonded only »"E2^^E23^ SfiLZ*, triarylamine. or a polymeric 

,o Sdi agents wr^ s^ng eleven-withdrawing properties. By "strong e.^ctron-wrmdrawirig P^pertlas'^ we mean 

witt the hos ^oSSEr* examples Include organic compounds such »* 2, 3( 5.6-tet.af.uoro-7 J.8 8- eMcyan). 

•n^TmsmanB <F -TCNQ) and other derivatives of TCNQ. and inorganic oxidizing agents such as iodine. FeCI3, 
SHnd some otnef n^taSorSas. In the case of polymeric hosts, the copant can be any of the above or afco a 
as material molecularly dispersed or copovmerized with the host as a minor co -nponent. 

«l materials that can be used as host for either the n-typo or p-type *P^^^^2; 
but are not limited to: various anthracene derivatives as described in Formul* F below and m "S-A-S 972 247. cart«m 
caJbazoiririva«ves. such as M-bisp-dicarbazolyO-bipheny. (CBP); and distyry.arylene der.vanves such as 4,4 -bis 
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to emitted light. 
Utility of this invention 



[0048] Thepresentlnventtonc*nbeemployedlnmostOLE^ 

wres eomorlslna a single anode and cathode to more complex devices, such as passive and active matrix deplays. A 
P^lv3?XS»i-pri2d of orthogonal arrays of anodes and cathodes to form f^J^^Sl 
w^rein each pixel acts as an OLEO device that can be electrically activated independenUy of other puels. n act*e- 
^a* "diXys an array of OLED devtees (pixels) are formed in contact with thin film transistors (TFTs) such that each 
Jxel I S£ "nd ~nt..ed independently by these TFTs. It Is appreciated that any device must be provded with 
a means for aeneratino the necessary voltage to operate the stacked OLEC>. 

roowT Sfnven "o1?can be advanTageously used In applications such as general area lighting, area color d sp ays, 
Ktor ZZ (su^ I cau phones. PDAs, oomputer screens, television sets, and so forth), heads-up dspley^ 
m SsptyS 
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White-Emittino Devices 



70 



is 



20 



25 



fooSOl By using RGB stacks, this invention enables white light generation at greatly improved 
^mS^S^ to OL6D devfces of me prior art. One application » 

stacked OL6D Is in general purpose or area lighting, where high lum.nanoe cng.nated from a large surface r area ,s 
S£ m5 7 Ltrates an example of a white light-emitting structure that can be used as an area l^ng device 
or lamp 350 In FIG. 7, anode 210 is formed over transparent substrate 201. An alternating^™* soun:e 253 s 
or lamp 350. in ™>. r a * provides current to the cathode 240 and anode 210 of the lamp vie 

S£^£1SS rSSSSiSSSS ^uni, 220.1 emits blue l.„ht. organ* EL 
So? and ^upte EL unit 220.3 emits red light. The Intensity and exact hue of Hjht emission from ™hoq«to ELunB 
f cLTen » thatttTey combine to yield white light, or nearly white tight. Doped organic connectors 230 1 end 230.2 
are as oefin* I pLvtous.y. There are many other combinations of organic EL units that can be used to yield Ighttha 
aof>ears whlw F^r example, two-layer structures that emit blue and yellow Ikjh •, or that emit red and ''5^ *° . ^ ^ 
e^t ^en a^ magenta light, can be used to genera.e white light. In all case., these units can be combined multiple 

SSJ Vhi T Z TObSS Is p^vUed between the display and a viewer. TM; simpKf.es ^» * » 

Sm 'SSERK!^^ of a matrix array of wh te light-emKting stacked OLED devtee, 

[0052] FIGS 8 and 9 "ustraie a no a k ^way schematic showing one example of electrical 

ShT^r^ 

comrrlly refers to as an matrix a„*y. 
X3 Xn. Y-4lrect.cn signal lines Y1. Y2 ; Y3 Ym. power sup^y (vo^ . TSnm m 

transistors (TFTs) for sw.tch.ngTS l^ 2 ^ 3 !- ^k^iSrcS TC31.TC32.TC33 TCnm.stacked 

transfers (TFTs)forcurrent^ 

" ^fc^C23 

Sefeup^n only' one plx* is selected by one of X^irectton signal lines XI to Xn and one of Y^Ctton signal J«» VI 
to Ym^nd 1 1 Wn film transistor for switching TS comes into the W state « this pixel and due toft* ■ «Mh 
transTstt for Urren, control TC comes Into the 'on' state. Thus, an electric current supphed from a power supply bn» 

claritv the electrical wiring, capacitors, and transistors in each pixel are designated by blocks ELEC 11. EL6C1Z. ana 
Si?iI5 ^d rive EL11 ELI 2. and EL13. respectively. Provided over organic Insulator layer 602 .s an errav of 

units, or a stack of blue and yellow-emittlng unite can all be effective. Thee* organic EL units e^ ba a*™"*™" 
Z entire display device. This Is foHowed by deposition of cathode 640. wh,ch Is common to each ' 
device When activated, white light Is emitted through the transparent anod* 610, transparen organ tot su lator B02. 
S^^h^™^ su£trate 601. The emission area of each stacked OLED device (p«el) ,s defined by tne 
^« area wth me ano^e P«>v ded on the surface of me transparent substrate opposite me matnx array of wh.te 
SSS 2S2 ''^uminesoent devices, is an array of red (661). g-een (652) and blue (653V fl^rs that are 
JSJSSS registrar with each plxe.. Thus, in FIG. 9. white Ifch, general by EL11 appe«« . jjrf^Wjg J 
eTated by EL12 appears green, and white light generated by EL13 appears b ue. Matenals and methods for deposing 
color filter arrays on glass substrates are well known In the ait. 
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Color-Conversion Displays 



[00541 Another application of this Invention is in devices or dispiays that utilize blue emissive pixels > and ther , use 



10 



IS 



20 



30 



tnoTLitina example of such a display is shown In FIG. 10 and is drr/en by the same active matrix circuitry 
1 °°S ^^St^^B^^S matrix display 660 has many of th<r same components as described pre- 

arrays on glass substrates are well-Known in the art. 



AO 



Triplet Emitters 



00 



ro056] Triplet em.tter dopants such as ,r(ppy) 9 have been shown to have high JU^ op-^J-W 



stability. 
Area Color Displays 



F00571 For area color displays where finely patterned pixels are not deslrec , achieving an exact hue ^xample 
[0057] For . m a conventional OLED. Often, stable and efficient luminescent dyes do not 

organic EL units are minimal in this regard. 



Full Color Pixelated Displays 



45 m ^a"!!^!?!^ « this display conjuration » ahown in FIG. 1 1 and is driven by the same active matrix 
pads. Thus, In FIG- 11 . EL11 appears red, EL12 appears green, and EL13 aopears blue. 



other Device Faatures 
55 Substrate 
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IS, «g M ^orbing or light '-j^fSSlf boa* mlrlala. ° f «■ r5 ° " iS n *— y 10 ^ 
semiconductor maten^^^^ 



semiconductor mai»n»», ~ - . . r . a 

SXconfigurations a .ighMransparent top electrode 

t<? Anode 



is 



20 



2$ 



30 



35 



40 



. w K „ . r5mfiD arent or substantially transparent 
mnc1l When £L emission is viewed through anode 210. the anode shouUbe ranspar TO) an<l 

S Scatlon inch.de. but are not limited to. go ""^ Deslred an0 de materials are common.y 

Hole-Injectin g, Laver (HIL) ^ . pm 

SrSKSSSKSKM^."-. « - - „ ■ 029 909 A1 - 
HQle>TranSP "^"q Layer (HTL1 

[00S3] ^a-— g^o™ 

such aa an aromatic tertiary amine, where the latter ,s » m £, ber of an aromat ic ring. In one form 

nitSg^n atom that is bonded on* to , , dlarylamina, tr.ary.amine. or . polymery 

the aromatic tertiary amine can be an arylamine. such as a mono ary US -A-3.1 60,730. Other su, bible 

U-amlne. ^W™^^ at -east one ac«ve hydrogen contains 



*5 



50 



55 



tural formula (A). 

A 91^ J* 



SSSt 2SST 'ASSC 23* — — w - — - "■* ,,m "'* mo *"" B 

represented by structural formula (B): 



04/09/2007 M0N 10:04 [TX/RX NO 6680] @017 



04/09/2007 10:05 FAX 



COOK ALEX MCFARRON MANZO 



(2)018 



EP1 339 112 A2 



B 



T 2 

*4 



where 



J5 



20 



25 



30 



r 1 ari d R 2 each independently represents a hydrogen atom, an aryl group, or an alkyl group or R-i and R 2 together 
group, as indicated by structural formula (C): 



\ 

N- 



wherein B 6 and R B are independently selected aryl groups. In one embodiment, at least one of R 6 or B 6 contains u 
oolvcvcllc fused ring structure, for example, a naphthalene. 

532] Another class of aromatic tertiary amines are the tetraaryldiamlnes. Deslrabte tetra aryldiamlnes .nclude tw< 

Kmlno^^ 

those represented by formula (D), 



*7 S / \ 



wherein each Are may be an Independently selected arylene group, such as * phenylene or anthracene moiety, 
n is an Integer of from 1 to 4, and 

Ar Rt, Ra, and R g are Independently selected aryl groups. 
fna^^^ 

40 r00671 The various alkyl. alkylene. aryl, and arylene moieties of the forego ng structural formulae A). (B), (C) f (D). 
l Z Pach r Jm be substituted" Typicafsubstituents include alkyl groups. alk. ; ny>, alkoxy groups aryl groups, aryto>:y 
^OU P rand halogen such as fluoride, chbride, and bromide. The various alkj'l and alkylene moieties typical y^n 
K about i to 9 carbon atoms. The cyctoalkyl moieties can contain from 3 to about 10 carbon atoms, bu typical* 
cSnTiXe six oHeven ring carbon atoms-for example, cyclopentyl. cyclohexy,. and cycbheptyi ring structure,. 

45 The aryl and arylene moieties are usually phenyl and phenylene moieties. ^^und* 
rooSfil The hole-transporting layer can be formed of a single or a mixture of aromatic tertiary amine compounds. 
*PJ£oTJ£^ I famine, such as a triary.amlne satisfying the formula (B). in co*a^ a 
fSdia y mine. such as indicated by formula (D). When a trlarylamine is employed w '^ a 
amine the latter Is positioned as a layer interposed between the triarylamlne a nd the electron injecting and transportli ig 

so layer. Illustrative of useful aromatic tertiary amines are the following: 

1 ,1-8is(4-di-p-tolylamlnophenyl)cyclohexane 
1 ( VBis(4-dl-p-tolylaminophenyl)-4'phenylcyclohexane 
4,4'-Bis(diphenylamino)quadrlphenyl 
55 Bis(4-dlmethylamino-2-methylphenyl)-phenylmethane 
N»N.N-Trl(p-tolyl)amlne 

4-(di-p-tolylamlnoH*44(di-p-tolylamino)-styryl]stilbene 
N.N.N'.N'-Tetra-p-tolyl^-A'-dlaminobiphenyl 
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N N N'.N'-TetraphenyM^'-diamlnobiphenyl 
Nn'n- N'-tetra-1 -naphthyl-4,4'-diamlnobiphenyl 
N'.NlN'lN'-teira-g-naphlhyl^^-diaminobiphenyl 

N-Phenylcarbazole 
5 4 4'-Bls[N-(1 -napKthyl)-N-phenyiam»no]blphenyl 

4 4'-BislN-(1-naphthyl)-N-(2-naphthyl)amino]blphenyl 
44"-Bi5[N-(1-naphthy1)-N-phBnylamino]p-terphenyl 
4>-Bi5[N-(2-n8phthyl)-N-phenylaminolblphony1 
d4'-Bis[N-(3-acenaphthenyl)-N-phenylamlno)blphenyl 
}0 i[5-BistN-(vnaphthyl)-N-phany»am!no]naphthalene 
44''Bis[N"(9-anthryl)-N-phenylamino]blphenyl 
4'4"-Bis[N-(l-anthryt)-N-phenylamino]-p-Terphanyl 
4 , 4-Bis[N-(2-phenanthryl)-N-phenylamino]biphenyl 
4'4--Bls[N-(8-fluoranthGnyl)-N-phenylaminolblphenyl 
,5 4;4'.Bi 3 [N-(2-pyrenyl)-N-phanylaminolblphenyl 

4 4'-Bls [N-(2-naphthac©nyl)-N-phenylamlno]biphenyl 
4 4-Bis[N-(2-perylenyl)-N-phenylaminolbiphenyl 
4 , ,4 , -Bis[N-(1-ooronenyl)^-phenylamino]biphanyl 
2,6-Bis(di-p-totylamlno)naphthalene 
zo 2,6-Bistdl-(1-naphthy1)amino]naphthalene 

2 6-Bte[N-(1 -naphthyl)-N-(2-naphthyl)amino]naphthalene 
N.N,N\N'-Tetra(2-naphthyl)-4,4-KJiamino.p.t e rphenyl 
4,4'-Bi 3 {N-phenyl-N-[4-(l-naphthyl)-phenyl]amlno}b«phenyl 
4 t 4''B!s[N-phenyi-N-(2-pyrenyl)amlno]bIphenyl 
25 2,6-Bis[N,N-di(2-naphthyt)amlne]fluoren8 

1 !s-Bis[N-(1 -naphthyl)-N-phenylamino]naphthalene 

renesulfonate) also called PEDOT/PSS. 

Li ght-Emitting Layer (LEL) 

, « ^ i« i ici A-A 769 292 and US-A-5,935,721, Che light-emitting layer (LEL) 325 of the 

,rom the dopant and can be of any co J*™***" ^^^^Z^LLf material or combination of ma- 
material, a* defined below, a hole-transport ^^J^^JJJ^ „ from highly fluorescent dyes, but ph,«- 
terlala that support hole-electron recomb.na Ion. The dopant ^"23 lid? WO 98/55561 . WO 00/1 8851 . WO 
phorescent compounds, for example. ^^"^f^^S 2 01 10 S by weight Into the host 

orbital of the molecule. For efficient energy transfer from the host o the dopi.nt moiecu.e, a nece* 
longer than 500 nm. for example, green, yellow, orange, and red. 
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E 




— •* n 




— 1 n 



70 



wherein 



f5 



20 



25 



30 



35 



40 



M represents a metal; 
rings. 7 

From the foregoing i, is apparent that the — ^3^^^"" 
The metal can, for example, be an ^^^"^^S^, Son metal such as zinc or zirconium. 

£=^n^at^^ - - ' — — — " ~ 

SSSf Z-p.etesaheteroc^^^^ 

s;/r»rr^^ - l - — of ring atoms fe usua,,y 

JSC IsU've oVuU. chelated oxinoid compounds are the fo.lowing: 

CO-i: Aluminum trisoxlne [alias, trls(^uinollr«>lato)alumlnum(IM)] 
CO-2- Magnesium bisoxine [alias. bis(^quinolinolato)magne S lum(ll)] 

CO-7: Lithium oxlna [alias. (8-quinollnolato)lithlum(l)] 
CO-8: Gallium oxine [alias, tris(8-quinollnolato)gal llum(lll)] 
CO-9- Zirconium oxine [alias. te tra<8<iuinollnolatO)z.rcc-mum(IV)l 

for example, blue, green, yellow, orange or red. 



43 
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wherein: Ri, R 2 , R3. R* R* and R* represent one or more substituents on each ring where each substituent may be 
Individually selected from the following groups: 

Group 1 : hydrogen. alkenyl, alkyl, or cycloalkyl of from 1 to 24 carbon atons; 

Group 2: aryl or substituted aryl of from 5 to 20 carbon atoms; ^ /FO . 

Grcup 3: c2rbon atoms from A to 24 necessary to complete a fused aromatic ring such as anthracenyl; pyrenyl. 

Gro^M: n he £ eroaryl or substituted heteroaryl of from 5 to 24 carbon atoms as necessary to complete a fused 
heteroaromatic ring of furyl. thienyl, pyrldyl, qulnollnyl or other heterocyclic: systems; 
Group 5: alkoxytamlno. alkylamino, or arylamlno ot from 1 to 24 carbon at)ms: and 
Group 6: fluorine, chlorine, bromine or cyano- 

[0078] Illustrative examples include 9.l0<fl.(2.naphthyl)anthracene and ^^ 9 ^^T/^^ 
Smer anthracene derivatives can be useful as a host In the LEL. including derivatives of 9,l0.bls[4-<2.2.d, P h e nylathe 

STSe derivatives (Formula G) constitute another class of usefu, hosts capable of supporting e.ectrolu ■ 
Sence a^d are particularly suitable for light emission of wavelengths longer than 400 nm. for example, blue, 
green, yellow, orange or red. 



20 



25 




Where: 



30 



n is an Integer of 3 to 8; 

R and R^arelndividually hydrogen: alkyl of from 1 to 24carbon atoms, for example, propyl, t-butyl. heptyK and th* 
See aryl " SSSm subs^uted aryl of from 5 to 20 carbon atoms or example phenyl and naphthyi, furyK 
^Mbiyl and other heterocyclic systems; or halo such as chloro fluoro; or atoms necessary to 
complete a fused aromatic ring ; and there may be up to 4 R' groups per <>enzazole unit; and , , , 

W of alkyl, aryl, substituted alky., or substituted aryl, which conjugate* or unconjugate^ 

connects the multiple benzazoles together. 

[0080] An example of a useful benzazole is 2, 2', 2»-<1 ,3.5^,henylene)trlsl1 -phenyl ... 
r0081 Distyrylao'lene derivatives as described in US-A-5.1 21 ,029 are also useful host matenal or the LEL. 
K SSluorescent dopants include derivatives Of anthracene, tetrncene, xanthene. ^^ene^ubrene. - 
marin rhodamine quinacridone, dicyanomethylenepyran compounds, thiopyran compounds, polymethme con ■ 
pinds p^Hlum an2 thiapyrlllum compounds, fluorene derives, periflan :hene derivatives, and carbcstyry. com- 
pounds. Illustrative examples of useful dopants include, but are not limited to. the following: 
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Electron-Transporting Laver {ETU 

[0083] Preferred thin film-forming materials for use in forming the electron transporting layer 327 ^ ^"^^ 
devices of this invention are metal chelated oxinoid compounds, including chelates of ^M^ M 
referred to as 8-quino.inol or 8-hydroxyquinollne). Such compounds help to nject and 

both high levels of performance and are readily fabricated in the form of thin -Iton. Exemplary of contemplated oxinoid 
compounds are those satisfying structural formula (E), previously described 

KEclir electron Wsporting materials include various butadiene derivatives as disclosed in 396,429 
£7!^^ opJicaTbrighteners as described in US-A-4,839.507 Benzazoles satisfying structural formula 

(G) are also useful electron-transporting materials. f,.^ KA « 
piS ta-om- '"stances, layers 327 and 325 can options,* be collapsed nto . single layer that M-jj-th. uncbon 
of supporting both light emission and electron transport. These layers can b » collapsed ,n both small ™*^£= D 
systernsand In polymeric OLED systems. For example, In polymeric systems. It Is common to employ a hole-tra ns- 
pSng layer such as PEDOT-PSS with a polymeric light-emitting layer such as PPV. In th.s system. PPV serves ,he 
function of supporting both light emission and electron transport 



15 



04/09/2007 M0N 10:04 [TX/RX NO 6680] © 024 



04/09/2007 10:07 FAX 



COOK ALEX MCFARRON MANZO 



©025 



EP1 339 112 A2 



w 



is 



20 



[0 0S 61 Whenlightemissfcnisviewed^ 

p ri5ed of nearly any conductive material. ^J^^^i v0ftag e. and have good stability. Useful cathode 
with the underlying organic layer, promote elect™ i Inject on at .owjo «g . jscomprlseo 
materialsoftancontainalowworkfuncuonm*^ 

of a Mg:Ag alloy wherein the percentage of »^ m ™ J£ Let on- injection layer (EIL) 329 in contact wifr 

suitable Cass of cathode materials .ndudes «J" ~ ^Utrve metal. Here, the EIL preferaWy 

the organic layer (for example. ETL) wh.ch « capped Wittl a *'^'^ 8, £ does not nee d to have a low work 

includes a low won, function metal or met* f ^^i ,ayer of Al as described in US-A • 
function. One such cathode is comprised of a Mnlaye^ 
5,677,572. Other useful cathode material sets include, but are not umiiao ro. 

5',059,862. and US-A-6.1 40,763. Mtho de the cathode mu it be transparent or nearly transparem . 

[0087] When light emission Is viewed through the cathode ^•™J^ ndlJcflva oxldas . or a combination of thes* 
For such applications, metals must be thin or one must "^ n J""J to US-A-5.776.623. Cathode materials 
materiais^Ptiealry transparent cathodes have JSJjJ^^SE^, ?„ needed, patterning can be achieved 
can be deposited by evaporation^ sputtering^ 0' <*«"™^ fhrotgh Lsk deposition, integral Shadow masking as 
rS^jSXS^ chemical vapordeposit*. 



25 



30 



40 



Deposition of organic layers 

,00*3] The organs materials meneoned above are 
Lation.butcanbedeposnedfromafluid.^ 

,f me material Is a poVmer. solvent deposltton Is umM can be vaporized from a sublimator W 

transfer from a donor sheet. The '^^JS^MSi^MfiST^. or can be first coated onto a 
often comprised of a tantalum matenal, » ~S Layers w.th a mixture of materials can utilize sep- 

Encapsulation 
Optical Optimization 

[009 o, Stacked OLED devices of this fnvention can ^ 
!,s properties If desired. ThU, J*"**^ 

SrSSeTCS ^ngred^m over ,,e disp.y. or providing colored o tra. 

££? "K I«S me patents and other pub.fcations referred to in this specification are Incorporated 
herein by reference. 
EXAMPLES 

««r c fi.rthpr understanding of the present Invention. For purposes of 
10092] The following examples are presented for a be £ w 
brevity, the materials and layers formed therefrom will be abbreviated as s,rven beiow. 

indlum-tln-oxide; used In forming transparent anode 210 cn glass substrates 



so 



55 



ITO: 
CFx: 
NPB: 
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1$ 



„ 9 „,o a. ,* and .,so — - «. « - — • - ~- organic ,o y „ . M ^ 
F TCNQ' ' 2*S&n<*X^1- 7 **-'^°™ V r M ^ 

JJ S 0 -*-'- « ■ — - «*• w "*"* ! u " a '" , ° m " ,, ' *• °* h °'" 

source and a photometer at room temperature. 

cv gmpl » 1 (Conver ' ™ - comoarattve): 

l0O94] Thep.pa.atksnc.acon^ 

fSSp«no conductive layer was cleaned and ^« f*3SS* ^ ITO W8S subs *T ^ 

,TO is about 42 nm and the sheet res.stence of the ITO.s about t>» ^ was d ^ glted on the 



lO* B Torr: 
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<Jj a Jthode, approximately 210 ron thick, consistmg of Mg:Ag. 

[00,3, After the deposit of these layers, the r^^SSSSS^ ^ 8 ^ ^ 

!or encapsulation. The competed device £ 'iunWnce efficiency Is 2.4 od/A. The 

Example 2 (Comparative): 

[00971 A stacked OL60 was fabricated with the following sequential laye.s: 
»^ 

i?! , osmosis, nprxosiirawly 210 nn> McK. oonsMns ol MjiAc,. 

ESS J .«iSS-™™ Snmxm. WW- » Example 2, is shown in FIG. 6 
Example 3 (Comparative): 

[0100] A stacked OLEO was fabricated with the following sequential layers: 

(3) a metal electrode. 10 nm thick, consisting of Mg; 

(4) a HTL, 75 nm thick, consisting of NPB; 
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(5) an ETL (also serving as the emissive layer), 60 nm thicK, consisting of Alq; 

(6) a cathode, approximately 210 nm thick, consisting of Mg:Ag. 

ro-.n„ -nm orocessino steps other than the aforementioned layer deposition ware the same as Example 1. The 
[0101 J The Passing , T 0/CFx/N PB(75)/Alq(60)/Mg/NPB(75)/Alq(60)/Mg:Ag 

Example 4 (Comparative): 

[01031 A stacked OLED was fabricated, which was similar to Example 3 excapt there was no metal electrode In 
between the two EL units. The stacked device structure is denoted as 

lTO/CFx/NPB(75)/Alq(60)/NPB(75)/Alq(6O)/Mg:Ag d rf Qf 2Q mA/ 

^The^^ 

^ror^P-tive Examples 2. 3. and 4 .early ^^^^3^ 
very critical in making stacked OLED that a ^^ ( ^ n ^^^j5iSE B and reflection, as 
layer as described in the prior art apparently can ^ " a ~ m ^ n ™ unj , optical absorption could be reduced 

very high, as evidenced by the very high driving voltage. 
Example 5 (Inventive): 

[01 06] A stacked OLED was fabricated with the following sequential layers : 
(1 ) a HTL, 75 nm thick, consisting of NPB; 

)o\ an PTL (also serving as the emissive layer), 55 nm thick, consisting of Alq, Mt „„- . . . . 

(3) a n ^SS^l^ 5 ™ «■**" <* nslStjn0 ° f h ° St d ° P ^ With 2 V ° L % CH3C ° 2CS ' ' 
S£5l^^ 5 nm thld, consisting of NPB host doped with Z vol. % F 4 -TCNQ f whfch Is the 

other part of doped organic connector; 
(5) a HTL, 70 nm thick, consisting of NPB; 
J5 (6) an ETL (also serving as the emissive layer), 60 nm thick, consisting M Alq t 

(7) a cathode, approximately 210 nm thick, consisting of Mg:Ag. 

Sd^S^ 

{SSq The stacked OLED has a driving voftage of 18.5 V. a current dens ty of 20 mMrtj and an EL efficiency of 
3.9 cd/A. Its luminance efficiency-current characteristic. Indicated as Example 5. is shown in FIG. 6. 

Fitaai ple 6 (Inventive): 

[01 09] A stacked OLED was fabricated with the following sequential layeis: 
(1 ) a HTU 75 nm thick, consisting of NPB; 

*o\ „ n en /nlen «!<»rvina as the emissive layer). 60 nm thick, consisting Of Alq; 
. S USt *£! of NPB host dopad with 3 vol. % F.-TCNO. which «. doped 

organic connector; 

U) a HTL, 70 nm thick, consisting of NPB; 

(5) an ETL (also serving as the emissive layer), 60 nm thick, consisting of Alq; 

(6) a cathode, approximately 210 nm thick, consisting of Mg:Ag. 

muni Th* orocessino steos other than the aforementioned layer deposition were the same as example 1. The 

Sacked tell ZZrt is ^ of 
SSl The s^ OLED has a driving voltage of 17.7 V. a current density of 20 mA/cm». and an EL efficiency of 
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.0 cd*. The « e^—nt char*cte, te t*. lnd,ca»d as Example 6. * shown ,n ft* , 

, ,ac*«d OLED similar » ft* m Examp.e 6 but having d.fferen, iayer 
roi 1 21 in order to optimized the light output, a stacked OLED similar 
Kes. w« fabr^ed with the following sequent*, .ayers. 

organic connector; 

(4 ) a HTL. 25 nm thick, consisting of NPB. 

(5) a LEL and ETL. 60 nm thick, cons.sting of Alq. 

<6> a cathode, approximately 21 0 nm thick, consisting of Mg.Ag. 

[0113] The process steps other than 

Lacked device structure is also denoted «' W f r SSdOLE0 s shown in FIG. 6. Indicated as Example 
ST,4I Theluminano.effloi.^ EL efficiency of 4.9 c *"^- 

7 This opllmized device has a driving v^e o 2V. wrrent deny oTZO ^ be ob ^, ^ 

« shows'thau by stacking two org ante EL unj. honj «J50Mnj * dou ^ ^ qlED dev** 

(with doubled driving voltage). Since the luminance Is propori J » % fer<mce OLED (exam ple 1) for the same current 

K rssss sskssss?-;-- - - - — — — - - ~ 

* ^ — — « — — * - — - *• "= 9nk: — * u * 
™,T"™ **» — ■* - — ° i "° ,m »^" 9a * """""" " * 

and the viewer. 

[0122] A full-color matrix display that Is observable by a viewer comprising: 

„ a matrix array o, stacked organic eiectro.m.neacent dev.es acceding to CaUn 1. wherein each device emiis 



Situated between the devices and the viewer. 
[01 23] A stacked organic electroluminescent device comprising: 
55 (a) an anode; 
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organic connector comprises at least one n-type coped organic layer. 

electron transport. rfm/ i ce wherein the host organic material of the n-type doped organic 

pi 25) The stacked organic ^^^J^S^^ *i **• der,VaUveS - 
layer includes metal chelated ^'^^^L^Xtives, or combination » thereof. , . 

5SJ TS^rr^S wherein the n-type dopant In the n-ty P e doped organ, .aye, 
has a work function less than 4.0 eV. wh erein the n-type dopant In the n-type doped organic layer 

thereof. s wr whare ln the n-type dspant in the n-type doped organic layer 

transfer complexes with the organic host ferial. jn ft# <Jop-d organic lay «. r 

Es^r:^ 

Staged organic e.ectrolumineacent devfce wherein the n-type doped concentradon is In the range of 
J^Tne^ 

[oS 2 T^Ked organic electro.umlneacent device wherein the thicKn,ss of each doped organic connector is 

rST^Sed 

^rCLkedorganice.ectro.umineac.ntd^ 

J^^^^SSM^ device comprising at le^t three organic electroluminescent u.lts 

the same color. , . 

[01 39] A stacked organic electroluminescent device comprising. 



40 (a) an anode; 

(b) a cathode; 



45 
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organic connector comprises at least one p-type doped organic layer. 

at least one of which is a member of an aromatic ring, jc , 

[0143] The stacked organic electroluminescent device wnere ine p iyp« h 

includes iodine, FeClj, or SbCl s , or combinations d0 t in , ne p.,^ doped organic layer 

transfer complex with the host material. 
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[01451 The stacked organic electroluminescent device wherein the p-type dopant in the p-type doped organic teyei 
Includes 2,3,5,6-tetrafluoro-7,7.8.e-tetr3cyanoqulnodimethane (F 4 -TCNQ) or ether derivatives of TCNQ, or combine- 

[oSr tS stacked organic electroluminescent device wherein the p-type -loped concentration is in the range oi 
5 [01 47] 1 The stacked organic electroluminescent device wherein the thickness of each organic electroluminescent unit 
[oS ^he^cked organic electroluminescent device wherein the thickness of each doped organic connector L-. 
10 [oi49] ^The stacked organic electroluminescent device wherein the organic i lectroluminescent units comprise small 
mole^le^maten^s^ electro | uminescent device wherein the organic eUctrotumlnescent units comprise a hole- 

kT^e^ wherein the organ.c .iectroluminescent units comprise poiy- 

Sr52] ma The a stacKed organic electroluminescent device wherein the organic electroluminescent units comprise a hole- 

l™sT^^ - *- w 

such that red green, and blue-emitting units are combined to yield white light. 

20 foi54] The slacked organic electroluminescent device wherein the organic e lectroluminescent units emit essentially 
the same color. 

[0155) A stacked organic electroluminescent device comprising: 
(a) an anode; 

S a Srallty of organic electroluminescent units d^ 

d ^^edopedorganicconnectordisposedbetvveen eachadjacentorganicelictroluminescantunlt, wherein the doped 
^anta connector comprises at least one n-type doped organic layer ami one p-type doped organic layer. 
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[01 561 The stacked organic electroluminescent device wherein the doped organic connector comprises an n-type 
doped organic layer and a p-type doped organte layer disposed adjacent to one another, wh ^ n ^ f e ^f^^ 
organic layer is disposed towards the anode side, and the p-type doped orgar ic layer is disposed towards the cathode 

[01*71 The stacked organic electroluminescent device wherein the n-type doped organic layer comprises at leest 
one host organic material and at least one n-type dopant, wherein the host organic material for the n-type doped organic 
layer is capable of supporting electron transport and wherein the p-type dor,ed organic layer comprises at least one 
host organic material and at least one p-type dopant, wherein the host organic material for the p-type doped organic 
layer is capable of supporting hole transport. 

[01 581 The stacked organic electroluminescent device wherein the host org ante material of the n-type doped organic 
layer Includes metal chelated oxinold compounds, 8-hydroxyquinollne derlvalves, butadiene derivatives, heterocyclic 
optical brightenars, triazlnes, benzazoles, or silole derivatives, or combinatk ns thereof. 

[0159] The stacked organic electroluminescent device wherein the n-type jopant in the n-type doped organic layer 
has a work function less than 4.0 eV. 

[0160] The stacked organic electrohjminescent device wherein the n-type dopant In the n-type doped organic layer 
comprises alkali metals, alkali metal compounds, alkaline earth metals, or all- aline metal compounds, or combinations 

[OIIbT/ The stacked organic electroluminescent device wherein the n-type dopant in the n-type doped organic layer 
includes organic reducing agents with strong electron-donating properties, capable of forming charge-transfer com- 
plexes with the organic host material. 
so [0162] The stacked organic electroluminescent device wherein the n-type dopant In the n-type doped organic layer 
includes bis(ethylenedlthlo)-tetrathiafulvalene (BEDT-TTF). tetrathiafulvalene (TTF), or their derivatives, or comblna- 

roiMl 1 * The stacked organic electroluminescent device wherein the host organic material of the p-type doped organic 
layer Includes aromatic tertiary amines having at least one trivalent nitrogen atom that Is bonded only to carbon atoms, 
55 a t ie 3S t one of which is a member of an aromatic ring. 

[0164] The stacked organic electroluminescent device wherein the p-type dopant In the p-type doped organic laver 

includes inorganic oxidizing agents capable of forming a charge transfer co nplex with the host material. 

[0165] The stacked organic electroluminescent device where the p-type dopant in the p-type doped organic layer 
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EST ^XanSrCS Swherein the p-type *,pant in the p-t y pe aope, I orgar^eye; 
E S 1!SS£S *™Q electron-withdrawing properties, capable of form.ng a charge transfer 

. SSST SSiXSS? device where.n the p-type <*,pant in the P^ t ^<^K' 

SncSes r^Sraf.uoro-T^.a^tetracyanc^uined.methane (F.-TCNQ) or other danvabves of TCNQ, or combine- 

SSSTS Stacked organic electroluminescent device wherein both the n-ty,e and p-type doped concentration is 

vSS 2 The 2 ° S °taXd organic electroluminescent device wherein the rn.ckn.S3 of each doped organic connector is 
[oi 71 1 ! W Th 0 e° 8 n t£ked organs etectroiuminescent device wherein the organic ..ectroiuminoscent units comprise smaU 
15 pmTThe slicked organic e.eotrolum.nescent device wherein the organic e ectroiuminescent units comprise a hok, 

^X^^TeS^^ comprising at tea, three organic eiectrCuminescant units 

20 iSl^A^elhod of making a stacked organic electroluminescent devica having at least two organic electrdumlne*. 
cent units, comprising the steps of: 

(a) providing a first organic electroluminescent unit connected to an anoc e. and a second organic electro lu mines- 

* 1^^7^:^^r to connect at least the first and second organic MnM ^ 

such doped organic connector disposed between each adjacent orgaric electroluminescent unit whereby the 
stacked organic electro turn I nascent device Includes only a single anode and cathode. 

35 r0178] The method further Including one or more intermediate organic electroluminescent unit(s) disposed between 
KeVrit and second organic electroluminescent units, with each such Intermediate organic electroluminescent unit 
being formed without an anode or a cathode and using a doped organic connector to secure such intermediate orga.uc 
electroluminescent unlt(s) within the stacked organic electroluminescent dence. . rf . 

[0179] The method further including the step of selecting the organic elec rolum.nescent units to provide improved 

pTwT^^SS wherein the number of organic electroluminescent units Is selected to improve luminance effl- 

[018 C 1] The use of a doped organic connector for connecting adjacent orj anic electroluminescent units to form en 
electroluminescent device. 



so 
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Claims 

1 . A stacked organic electroluminescent device comprising: 
(a) an anode; 

(c) a pSumlfr of organic electroluminescent units disposed between the anode and the cathode; and 

(d) a doped organic connector disposed between each adjacent organic electroluminescent unit. 

SL The stacked organic electroluminescent device of claim 1 wherein the organic electroluminescent units oompi ise 
small molecule materials. 
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3 The stacked organic e.ectroiuminescent device of claim 2 wherein ,he org anic e.ectrolum.nescent units comprise 

a hole-transporting layer and an electron-transporting layer. 
4. The stacked organic electroluminescent device of Calm 1 wherein the organic e.ectroluminascent units comprl,, 

polymeric materials. 

5 The stacked organic e.ectroiuminescent device of claim 4 wherein the or, anlc e.ectrolum.nescent units comprise 
a hole-transporting layer and a light-emitting layer. 

organic layer, or combinations of layers thereof. 
7. The stacked organic e.ectroiuminescent device of claim , wherein the thickness of the doped organic connector 
Is from 1 to 1 00 nm. 

3. A lamp for area lighting comprising: 

device is provided over the transparent substrate and emits white ll$iht. 
9. a full-color matrix display that is observable by a viewer comprising: 

(a) a matrix array of stacked organic electroluminescent devices ac cording to claim 1 , wherein each devhe 
emits white light by stacking blue and yellow-emitting organic electroluminescent units or by stacWng green 
and magenta emitting organic electroluminescent units, or by stackhg red and oyan-emittlng organic elect.o- 
luminescent units; 

lb) means for independently electrically activating each device; and 

(c) an array of red. green, and blue filters provided in registration with the devices and situated between the 
devices and the viewer. 

10- A ful1<*>lor matrix display that is observable by a viewer comprising: 

(a) a plurality of stacked organic electroluminescent devices according to claim 1 which form a matrix an ay 
of red, green, and blue-emitting stacked organic electroluminescem devices, wherein each device emits only 
red, green, or blue; and 

(b) means for independently electrically activating each device. 
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